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doi:10.1016/j.kjms.2011.06.004Abstract Attention deficit hyperactivity disorder (ADHD) is a common neuropsychiatric
disorder. Previous studies have reported that children with ADHD exhibit deficits of adaptive
function and insufficient motor ability. The objective of this study was to investigate the asso-
ciation between adaptive function and motor ability in children with ADHD compared with
a group of normal children. The study group included 25 children with ADHD (19 boys and
6 girls), aged from 4.6 years to 8.6 years (mean standard deviation, 6.5 1.2). A group of
24 children without ADHD (normal children) were selected to match the children with ADHD
on age and gender. The Movement Assessment Battery for Children, which includes three
subtests, was used to assess the motor ability of the children of both groups. The Chinese
version of Adaptive Behavior Scales, which consists of 12 life domains, was used to assess adap-
tive function of the children with ADHD. Compared with the normal children, children with
ADHD exhibited poorer motor ability on all the three subtests of motor assessment. In the
ADHD group, nine (36%) children had significant motor impairments and seven (28%) were
borderline cases. A total of 10 (40%) children with ADHD had definite adaptive problems in
one or more adaptive domains. With statistically controlling of IQ for the ADHD group, those
children with impaired motor ability had significantly poorer behaviors in the adaptive domain
of home living (pZ 0.035). Moreover, children with ADHD who had severely impaired manual
dexterity performed worse than the control group in the adaptive domains of home living (rZ
0.47, pZ 0.018), socialization (rZ 0.49, pZ 0.013), and self-direction (rZ 0.41,
pZ 0.040). In addition, children with poorer ball skills had worse home living behavior (rZ
0.56, pZ 0.003). Children who had more impaired balance exhibited poorer performance
in social behavior (rZ0.41, pZ 0.040). This study found significant correlation between
motor ability and adaptive function in children with ADHD, especially in their adaptive domainst of Physical Therapy, Kaohsiung Medical University, No. 100, Shih-Chuan 1st Road, Kaohsiung 807,
.tw (H.-Y. Wang).
vier Taiwan LLC. All rights reserved.
Motor ability and adaptive function in ADHD 447of home living, socialization, and self-direction. In clinical settings, identification of motor
difficulties may have important implications for the understanding of relative factors in effec-
tive management of the adaptive dysfunction in children with ADHD.
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.Introduction
Attention deficit hyperactivity disorder (ADHD) is a common
neuropsychiatric disorder, which by prevalent estimates
affects around 5% of children and 4% of adults [1]. The
diagnostic criteria of ADHD defined in the Diagnostic and
Statistical Manual of Mental Disorders-Fourth Edition Text
Revision require the core symptoms of inattention, hyper-
activity, and/or impulsivity [2]. According to the clinically
dominant behaviors, ADHD has three subtypes: inattentive
(ADHD-I), hyperactive-impulsive (ADHD-H), and combined
(ADHD-C) [3,4]. ADHD can have significant impacts on
multiple domains of health-related quality of life in chil-
dren and adolescents [5]. Some difficulties in attention and
self-regulation may also persist into adult years [6].
Because ADHD will lead to functional difficulties,
researchers have examined adaptive functions in children
with ADHD [7,8]. Adaptive function has been defined as the
ability to perform or respond to daily activities [9,10]. It is
highly related to social and cultural demands. It is well
recognized that proper adaptive function is age-related and
dependent on social expectation [11]. Adaptive function
is usually measured in terms of various life aspects, such
as self-help skills, independence, self-knowledge, motor
skills, social knowledge, and communication skills [12].
Previous studies have reported below average performance
in adaptive function among children with ADHD, especially
in the areas of socialization, communication, and daily
living skills [9,13]. Associated factors with adaptive
dysfunction in children with ADHD have also been studied
[14] and it was reported that in children with ADHD, there
was an association between social maturity and static/
dynamic balance, the latter being one of the indices of
motor ability.
The characteristic of motor ability in children with ADHD
is another significant issue discerned by many researchers.
It was reported by some researchers that many children
with ADHD have motor problems [15,16]. Regarding the
specificity of gross motor and fine motor deficits, inade-
quate force use, prolonged onset of postural adjustment,
and poor movement timing were found in children with
ADHD [17e19]. Do such motor problems have noteworthy
association with the performances of daily activities in
children with ADHD? One limitation of previous work was
the lack of studies to determine the extent of motor deficit
associated with adaptive dysfunction in such children.
From a clinical practice perspective, it is necessary to
identify factors associated with adaptive function in chil-
dren with ADHD, especially when required to deal with the
child’s maladaptations. Perhaps through understanding and
remedying children’s motor ability, clinicians can offer
useful strategies to manage the difficulties in adaptive skills
for children with ADHD; however, the relationships
between motor ability and adaptive function in thesechildren are still open to question. Thus, the aim of this
study was to investigate the association between the motor
ability and performance of adaptive function in children
with ADHD compared with a group of age- and sex-matched
normal children.
Methods
Participants
A group of children with ADHD (ADHD group) were recruited
via convenience sampling from the rehabilitation depart-
ment of a medical center. The inclusion criteria included
children who had been diagnosed by a pediatrician as
meeting the criteria of Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition for ADHD [2]; children for
whom no neurological or psychiatric comorbid disorders,
such as developmental coordination disorder, learning
disorder, or autism spectrum disorders, were simulta-
neously identified and diagnosed; and children whose
caregiver would participate in filling out the questionnaire
about adaptive functioning of their child. The exclusion
criteria were that children had a history of neurological
illness or traumatic head injury. Twenty-five children
(19 boys and 6 girls) aged between 4.6 years and 8.6 years
(mean standard deviation, 6.5 1.2 years) were
recruited. Eight of these 25 (32%) children were identified
as Subtype ADHD-I, 4 children (16%) were Subtype ADHD-H,
whereas 13 (52%) children were Subtype ADHD-C. IQ of the
children with ADHD was estimated by a clinical psychologist
using the Chinese version of Wechsler Preschool and
Primary Scale of Intelligence [20] for children younger than
7 years or the Chinese version of Wechsler Intelligence
Scale for Children (WISC-C) [21] for those children older
than 7 years. The mean full IQ score was 82, ranging from
61 to 112. Another group of children (the normal group)
without any clinical significant ADHD symptoms, develop-
mental disorders, or significant IQ deficit were selected to
match the participants with ADHD on age and gender. The
characteristics of these two groups are shown in Table 1.
The study was approved by the Human Experiment and
Ethics Committee of the hospital. Parents or guardians gave
written informed consent.
Measures
Motor ability assessment
The Movement Assessment Battery for Children (MABC) [22]
is a standardized motor function assessment tool currently
used on children with ADHD [17,23], and it is available in
four age bands (4e6 years, 7e8 years, 9e10 years, and
11e12 years). In this study, two of the age band forms, 4e6
years and 7e8 years, were administered. The assessment
Table 1 Characteristics of children in ADHD and normal
groups
Characteristics ADHD group
(nZ 25)
Normal group
(nZ 24)
Mean age (range), SD (y) 6.5 (4.6e8.6),
1.2
6.4 (4.5e8.5),
1.2
Gender (n)
Boy 19 18
Girl 6 6
ADHD subtype (n)
Inattentive 8 d
Hyperactive-impulsive 4 d
Combined 13 d
Mean IQ (range), SDa 82 (61e112),
14.8
d
a Full IQ score on Wechsler Preschool and Primary Scale of
Intelligence-Chinese version or Wechsler Intelligence Scale for
Children-Chinese version.
ADHDZ attention deficit hyperactivity disorder; SDZ standard
deviation.
448 H.-Y. Wang et al.for each age band consists of eight items belonging to three
performance subtests, namely manual dexterity, ball skill,
and static dynamic balance. Each item is rated on a 0e5
scale. The sum of scores for each subtest is calculated.
Higher subtest scores indicate poorer motor performance.
A total impairment score (TIS) is then derived from the sum
of the three subtest scores and then translated into
percentile scores in comparison with the normative data
reported on the MABC manual. Higher percentile of TIS
indicates better motor ability. Children with TIS lower than
the 5th percentile are considered to have definite motor
problems; and children with TIS between the 5th percentile
and 15th percentile demonstrate a degree of difficulty that
is borderline. The four scores described above, TIS (in
percentile rank), and the three subtest impairment scores
were entered into data analysis.
Adaptive function measurement
The Chinese Adaptive Behavior Scale (CABS) [24] was
specially designed to assess the adaptive function of
Taiwanese children aged 5e15 years. It is a standardized
test rated on a 0e4 scale. Higher item scores reflect better
performance in adaptive function. The questionnaire can
either be filled out by a teacher familiar with the child’s
daily life or completed by an experienced instructor after
interviewing the child’s main caretaker. The CABS includes
two parts. Part One consists of 10 domains of adaptive
function. Part Two has two domains of maladaptive
behavior. The sum of the item scores in each domain is
translated to an age-related percentile score that is
a domain score, and this domain score is then compared
with the normative data on the CABS manual. Children with
a domain score lower than the ninth percentile are
considered to have delayed adaptive function. Children
with a domain score between the 10th percentile and 25th
percentiles are considered as below average in adaptive
function. In Part Two of CABS, the items measure the
frequency and intensity of maladaptive behaviors.Therefore, higher scores in maladaptive domains reflect
poorer performance. Children with percentile scores in
these two domains above the 91st percentile possess
impaired adaptive skills and abnormal behaviors. Children
between the 75th and 90th percentiles are on the borderline
of adaptive function. The above-mentioned domain scores
were used for data analysis.
Procedures of assessments
Motor ability of both groups of children was assessed using
MABC. Three physical therapists conducted this assess-
ment. Prior to the commencement of the study, inter-rater
reliability was examined. The measurements demonstrated
good to excellent inter-rater reliability with ICC (2, 1)
values ranging from 0.89 to 0.95. The CABS was also
administered to parents of the ADHD group by the same
therapists and it was not applied to the normal group.
Data analysis
All statistics were calculated with SPSS Version 14 (SPSS,
Inc., Chicago, IL, USA). Descriptive analyses were applied
to the scores on the assessments. These scores were
derived in comparison with the normative data reported on
the manual of MABC and CABS, respectively. Because the
normative data of MABC were not developed on Chinese
children, additional comparisons of motor scores between
the two groups’ children were conducted. For the ADHD
group, according to the TIS on the motor assessment, the
data of motor assessment were classified into three groups:
normal, borderline, and impaired motor ability. Group
differences in adaptive function were analyzed using
analyses of covariance with statistical control of children’s
IQ. Pearson correlation coefficient was used to examine the
association between motor ability and adaptive function for
the ADHD group. Statistical significance was defined as
p value less than 0.05.
Results
All the children completed the motor and/or adaptive
behavior assessments. All the parents of the participants
with ADHD filled out the questionnaire of CABS.
Scores of motor ability and adaptive function
Regarding scores on the motor assessment, relative to the
normal group, children in ADHD group showed lower motor
ability on all three subtests (Table 2). In the ADHD group,
nine children (36%) were below the fifth percentile having
delayed motor ability. These nine children included three
children who were classified as ADHD-I, one who was ADHD-
H, and five who were ADHD-C. Seven children (28%) scored
between the 5th percentile and 15th percentile; hence they
were within borderline range of motor ability. Among these
seven children, one was classified as ADHD-I, the other two
and four were classified as ADHD-H and ADHD-C, respec-
tively. The remaining nine children included four classified
as ADHD-I, one as ADHD-H, and four as ADHD-C, and all had
scores within the normal range (Table 2). No significant
differences in TIS and the subtest motor scores among the
Table 2 Scores (mean SD) on motor assessment
TIS and subtest scores Normal group (nZ 24) ADHD group (nZ 25)
Normala (nZ 9) Borderlinea (nZ 7) Impaireda (nZ 9)
Normal (nZ 24) Ib Hb Cb I H C I H C
4 1 4 1 2 4 3 1 5
TISc 55.6 24.9 30.9  24.2 8.9 3.5 1.4 0.7
Manual dexterityd 2.5 2.0 3.6 2.5 6.4 2.9 9.8 4.6
Ball skilld 1.0 1.3 3.2 2.5 4.9 2.4 7.0 1.9
Static/dynamic balanced 0.3 0.7 0.3 0.6 2.3 2.9 6.7 2.3
a Normal: TIS percentile rank >15%; borderline: TIS percentile rank 5e15%; impaired: TIS percentile rank <5%.
b ADHD subtype, I: inattentive, H: hyperactive-impulsive, C: combined.
c In percentile rank.
d Item raw score.
ADHDZ attention deficit hyperactivity disorder; SDZ standard deviation; TISZ total impairment score.
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shown in Table 2).
The adaptive function assessment was only applied to the
ADHD group; four children (16%) had impaired performance
in more than two domains, and six (24%) had impairments in
only one domain. In Table 3, the data displays the
percentage of children in each of the three levels of adap-
tive function across the 12 adaptive domains. In the social-
ization domain, none were in the impaired range. On the
other hand, 16% had impairment in the self-care domain and
20% had impairment in the functional academics domain. In
the maladaptive behavior section, almost all the children
exhibited impaired performances in both of the internalizing
and externalizing maladaptive domains.
Adaptive function across groups with different
levels of motor ability
The data of adaptive function in the ADHD group were
classified into three groups according to the level of motor
ability based on the TIS; the adaptive domain scores are
shown in Table 4. With statistical control of the children’sTable 3 Distribution of the three levels of adaptive function
hyperactivity disorder group (nZ 25)
Domains
Normal, n (%)
Communication 22 (88)
Self-care 15 (60)
Home living 17 (68)
Socialization 24 (96)
Community use 21 (84)
Self-direction 18 (72)
Health & safety 22 (88)
Functional academics 17 (68)
Leisure 23 (92)
Work 14 (56)
Internalizing maladaptive behavior 0 (0)
Externalizing maladaptive behavior 0 (0)
a Normal level: score percentile rank >25%.
Below average level: score percentile rank 10e25%.
Impaired level: score percentile rank <9%.IQ, there were significant differences among these groups
in the adaptive domains of home living (pZ 0.035)
(statistical power 0.65).
Associations between motor subtests scores and
adaptive function scores
To examine the relationship between the children’s motor
ability and their adaptive behaviors in more detail, we
computed the Pearson correlations between the motor
subtest scores and the adaptive domain scores (Table 5).
There were significant negative correlations between the
manual dexterity subtest score and the domain scores
of home living (rZ0.47, pZ 0.018), socialization
(rZ0.49, pZ 0.013), and self-direction (rZ0.41,
pZ 0.040), respectively. As higher subtest scores indicated
poorer motor performance, these data revealed that chil-
dren who had more impaired ability in manual dexterity
performed poorly in the adaptive domains of home living,
socialization, and self-direction. Regarding the result of
ball skill subtest, children with higher scores in this subtest
were found to have lower scores for adaptive domain ofby the 12 domains of adaptive function in attention deficit
Adaptive functiona
Below average, n (%) Impaired, n (%)
2 (8) 1 (4)
6 (24) 4 (16)
7 (28) 1 (4)
1 (4) 0 (0)
3 (12) 1 (4)
5 (20) 2 (8)
2 (8) 1 (4)
3 (12) 5 (20)
1 (4) 1 (4)
9 (36) 2 (8)
0 (0) 25 (100)
1 (4) 24 (96)
Table 4 Adaptive function domain scores (mean SD) by motor ability level in ADHD group
Domains of adaptive functiona All ADHD children (nZ 25) Level of motor abilityb
Normal group
(nZ 9)
Borderline groupd
(nZ 7)
Impaired groupe
(nZ 9)
p
Communication 58.7 26.6 75.2 23.4 56.7 25.3 43.8 23.0 0.128
Self-care 38.0 27.8 41.6 33.0 32.7 20.4 38.7 29.6 0.391
Home living 53.2 27.7 71.1 20.6 45.9 30.2 41.1 24.9 0.035c
Socialization 61.4 22.5 76.0 14.2 64.7 19.6 44.2 21.3 0.080
Community use 53.0 24.6 51.9 28.1 57.2 25.2 50.8 23.1 0.513
Self-direction 43.0 26.3 55.3 24.8 45.2 30.4 28.9 19.1 0.153
Health & safety 54.6 24.4 51.9 22.9 56.4 25.8 56.0 27.4 0.511
Functional academics 47.5 28.7 51.2 28.4 48.7 32.1 42.8 29.3 0.456
Leisure 60.2 25.2 65.3 19.2 62.4 32.9 53.3 25.2 0.693
Work 40.4 27.8 47.6 31.2 35.3 24.3 37.1 28.5 0.883
Internalizing maladaptive behavior 86.6 10.9 92.2 8.8 87.6 7.7 80.2 12.2 0.075
Externalizing maladaptive behavior 88.4 18.3 86.9 27.1 94.1 4.3 85.4 14.8 0.299
a Score of adaptive function in percentile.
b Normal group: TIS percentile rank >15%.
c Significant group difference using analyses of covariance with adjusting IQ, normal group > impaired group.
d Borderline group: TIS percentile rank 5e15%.
e Impaired group: TIS percentile rank <5%.
ADHDZ attention deficit hyperactivity disorder; SDZ standard deviation; TISZ total impairment score.
450 H.-Y. Wang et al.home living (rZ0.56, pZ 0.003), that is, poorer ball skill
was associated with worse home living behavior. Significant
correlation was also found between the motor subtest of
static/dynamic balance and the adaptive domain of
socialization (rZ0.41, pZ 0.040), indicating that chil-
dren who had more impaired balance exhibited poorer
performance in social behavior.Discussion
In this study, motor ability and adaptive function in
25 children with ADHD were investigated. Our results
provide evidence of motor impairment in children with
ADHD. In this study, 36% of the participants had significant
motor impairment and 28% were borderline cases. This high
proportion reveals that attention should be paid especiallyTable 5 Pearson correlation coefficient between scores on the
maladaptive behaviors in attention deficit hyperactivity disorder
Domains of adaptive function
Manual dexterit
Communication 0.266
Self-care 0.241
Home living 0.468*
Socialization 0.489*
Community use 0.226
Self-direction 0.413*
Health & safety 0.279
Functional academics 0.249
Leisure 0.247
Work 0.022
Internalizing maladaptive behavior 0.178
Externalizing maladaptive behavior 0.007
*p< 0.05; **p< 0.01.to the clinical assessment and practical rehabilitation of
motor ability for children with ADHD. The motor assess-
ment outcomes demonstrate that insufficient performances
in all the three subtest assessments contribute to the
impairment of overall gross motor ability (Table 2). In the
present study, the differences of proportions of impairment
to normal motor ability among the three subtypes of ADHD
were hard to analyze statistically. A larger sample size is
needed in future studies to further identify individual
proportions and characteristics of motor ability in children
with different subtypes of ADHD.
The adaptive behavior assessment revealed a great
variety of performances in different domains of adaptive
function among the participants. Children with ADHD could
have adaptive function ranging from normal to maladaptive
behaviors. Forty percent of the children had impaired
adaptive performance in more than one adaptive domain.three motor subtests and domain scores of the adaptive and
group (nZ 25)
Motor subtests
y Ball skill Static dynamic balance
0.363 0.291
0.389 0.026
0.563** 0.345
0.382 0.413*
0.055 0.026
0.269 0.358
0.047 0.066
0.262 0.120
0.184 0.044
0.081 0.005
0.334 0.331
0.146 0.008
Motor ability and adaptive function in ADHD 451Except for the two maladaptive behavior domains, the
proportion of children having normal level behaviors in the
domains of work, self-care, home living, and functional
academics was relatively low between 56% and 68%. These
results suggest that children with ADHD exhibit common
impairment behaviors in household tasks and educational
functioning [25,26]. Surprisingly, for socialization and
communication, the two common domains identified with
deficit in ADHD children [9,13], the proportion of children
exhibiting normal level adaptive function was relatively high
(96% and 88%, in Table 3). These results may reveal that with
different samples of children with ADHD, such as community
or clinical groups, their performances of certain adaptive
function are likely to be dissimilar. On the other hand, all
the children had impaired behaviors in both maladaptive
domains of internalizing (i.e. inattention, self-stimulating
behaviors) and externalizing (i.e. poor impulsive control,
conflicts with others). This implies that although children
with ADHD may be able to perform daily functional activi-
ties, maladaptive behaviors are still their key symptoms.
As displayed in Table 4, there were significantly positive
associations of home living function with motor ability in
children with ADHD, and such an association could not be
influenced by the children’s intelligence. The findings of
previous studies [9,27] have also demonstrated that certain
adaptive functions and motor skills in children with ADHD do
not relate to the children’s intelligence. Our results provide
evidence that, in children with ADHD, certain adaptive
functions are correlated with motor ability, suggesting that
increased attention should be paid to the assessment and
treatment of both the adaptive function and motor ability
regardless of the children’s cognitive function.
To further understand the relationship between the
children’s adaptive function and their performance on the
individual motor subtests in the ADHD group, three signifi-
cant findings of the data analysis are of the greater impor-
tance. First, children’s manual dexterity ability was
significantly associated with their adaptive performances in
the domains of home living, socialization, and self-direction.
Regarding these adaptive functions on the CABS assessment,
home living describes household independence such as
executing house chores, using home appliances, and
arranging daily schedules [24]. Socialization behavior
reflects the ability to start and end interaction with others
appropriately, to recognize emotional response, and to
accept peers. In addition, self-direction is associated with
making decisions appropriately, problem solving, and self-
advocating. Motor ability of manual dexterity represents
the ability to use the hands, which includes the functions of
speed and sureness of each hand movement, coordination of
two hands, as well as hand-eye coordination [22]. A child
who cannot perform sufficient manual dexterity skills would
fail in important learning experiences, and the child will also
find it difficult to participate in peer play and interaction.
The second significant finding was the correlation
between the ability of the children’s ball skills and home
living adaptive behaviors. The ability of ball skills refers to
the movements of manipulating, throwing and catching an
object, including a ball. A child who executes a task of ball
activity demonstrates her/his abilities of timing, force
control, and body parts use [28]. These motions might be
essential competencies involved in home living skills.Finally, the third finding was the significant association
between the children’s static/dynamic balance ability and
their socialization behaviors. This result is similar to the
finding in the study by Kaneko and Okamura [14]. Static/
dynamic balance ability requires a child to maintain
balance in a static posture and move actively in a variety of
ways. Several studies have examined balance-related
performances in children with ADHD and discussed the
possible mechanisms associated with balance control in
these children [29,30]. The interpretation of the relation-
ship between balance ability and socialization behaviors
warrants further research to identify underlying causes or
mediating factors. The findings in this study increase our
understanding of relationships between particular motor
skills and adaptive behaviors.
From the clinical perspective, diagnosis of ADHD is only
part of a comprehensive assessment of functioning for chil-
dren with ADHD. Examination of motor ability is also crucial.
ADHD cannot be cured, but the core symptoms and associ-
ated impairment can be actively managed by a combination
of approaches. Identification of their motor difficulties may
have important implications for the type of support needed
for effective management in the adaptive dysfunction in
ADHD children. Future research should also address the
exact nature and long-term consequences of adaptive
function and motor ability in children with ADHD and focus
on development of effective treatment strategies.
A limitation of this study was that the symptoms of
inattention and hyperactivity were not studied; hence, the
severity of the symptoms could not be correlated with the
performance of motor ability and adaptive function. A
larger sample size of participants is needed in future
studies for further analyzing additional variables, such as
mental age and type of ADHD associated with motor ability
and adaptive function.
In conclusion, this study found significant correlation
between motor ability and adaptive function in children
with ADHD, especially in their adaptive domains of home
living, socialization, and self-direction. In clinical settings,
identification of motor difficulties may have important
implications for the understanding of relative factors in
effective management of adaptive dysfunction in children
with ADHD.Acknowledgment
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